
































































Using	our	experimental	 framework,	we	tested	our	 implementation	of	 the	beamforming	and	DoA	algorithms	with	
synthetic	GPS	L1	C/A	signal	generated	with	a	Spirent	GSS8000	simulator.	In	Figure	2	we	show	an	example	of	how	the	
beamforming	is	able	to	mitigate	the	bias	in	the	code	delay	estimate	introduced	by	the	presence	of	a	strong	coherent	



























mean	square	error)	and	 resolution	of	 the	different	algorithms,	while	 for	 the	beamforming	we	are	 looking	at	 the	
synthesized	patterns	and	the	resulting	C/N0	estimates.	The	use	of	open-loop	tracking	allows	us	to	observe	the	effect	
Figure	3	-	Comparison	of	navigation	solutions	
for	the	static	antenna	case	(blue)	and	the	rotat-
ing	antenna	using	beamforming	(red),	in	an	
multipath	scenario	simulated	with	Spirent.	Each	
sample	was	computed	using	100	ms	of	signal.	
The	origin	of	coordinates	corresponds	to	the	
receiver’s	true	position.			
Figure	2	–	Code	delay	error	comparison	for	a	single	satellite	signal	using	closed-loop	
tracking.	At	time	t=15	s	a	coherent	multipath	component	is	introduced.	As	a	conse-
quence,	the	static	receiver	shows	a	bias	that	the	tracking	loop	is	unable	to	correct.	
	
	
of	the	beamforming	over	the	estimated	cross-ambiguity	function.	Finally,	we	are	also	analyzing	the	impact	of	the	use	
of	beamforming	over	the	navigation	solution	obtained	in	the	real	scenarios	described.	
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Figure	5	–	Scenario	2:	Neuchâtel’s	Microcity	building,	3rd	floor	terrace.	46°	59'	52.0188''	N,	6°	56'	44.7648''	E;	15-Nov-2016	14h49	GMT+1.	Only	
the	west-oriented	side	of	the	terrace	is	open	(as	seen	in	the	picture).	The	building	façade	is	covered	with	metal	plates.	
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Figure	4	–	Rotating	arm	supporting	the	GNSS	antenna	for	a	circular	trajectory.	Scenario	1:	Neuchâtel’s	Microcity	rooftop.	46°	59'	51.3276’’	N,	
6°	56'	44.916''	E;	28-Nov-2016	14h49	GMT+1.	
	
	
		
	
	
	
	
	
	
	
Figure	6		-		Direction	of	arrival	maps	(or	equivalently,	angle	of	arrival	(AoA)	Spectrums)	obtained	in	Scenario	2	for	the	GPS	PRN	9	using	CAPON’s	
algorithm	(Left),	MUSIC	(Right),	and	beamscan	(Down).	The	rotating	antenna	was	set	to	0.9	m	radius	with	an	angular	speed	of	0.5	rev/s.	The	
true	elevation	and	azimuth	were	84o	and	267o,	respectively.	The	second	peak,	with	the	azimuth	of	the	LOS	signal	but	with	lower	elevation,	was	
identifiable	with	the	three	algorithms	and	is	likely	to	be	a	coherent	multipath	contribution.	In	all	cases,	the	input	samples	for	the	DoA	estima-
tion	were	the	correlator	outputs	for	a	coherent	integration	time	of	20	ms.	
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